Radiochemical yield measurements are reported for "'K (y,
Introduction
Photon is one of the unique probes for studying nuclear structure, through 3 types of resonance-interactions; giant resonance, quasi-deuteron resonance, and A resonance, which are characteristic for the wave length of incident photons and the size of the target nucleus. Here only the A resonance region is considered. Photons with energies above the pion threshold can be absorbed by a Single nucleon inside the target nucleus to produce a A isobar. The isobar decays immediately sec) into a stable nucleon and a pion. The elementary interactions can be written as y + p + + y + n-» zf" p + TT", and y + n /l" n + After these initial processes, pion and/or nucleon may escape from the nucleus or develop a cascade-evaporation process in the same nucleus. Consequently the following reactions can be observed: (y, n^), (y, n~), (y, n^xayg), (y, n:"xnyp), and (y, jcnjp). The emitted nucleon multiplicities, x and y, are expected to be dependent on the photon energy and target mass.
Nuclear physicists have been measuring pion and/ or nucleon emitted mainly from light nuclei using nuclear physical techniques [1] since the 1940's. Recently Arends et al. [2] have reported double-differential cross sections and momentum distributions of n~, n^, and proton emitted at 0,ab = 52° from Be, C, O, Ti, and Pb targets using tagged photons. They found that the dependence of the energy-integrated differential cross section on the size S of the nucleus, where S is the number of proton or neutron, can be described by daldQ oc 5"; the exponent a is ~0.6 for n' and tt^, and -1.15 for proton.
We have been measuring the yields of bremsstrahlung-induced photopion reactions [3, 4] , photospallation [5] [6] [7] [8] [9] [10] , photofragmentation [11] , and/or photofission [12] from Li to Bi targets using radiochemical techniques in order to study systematics of photonuclear reactions with respect to energy and target-mass dependences. A bremsstrahlung beam with a continuous energy spectrum ranging from 0 to Eo has been a unique tool in radiochemical photonuclear reaction studies, due to the absence of high-energy monochromatic photon sources with sufficient beam-intensity. Our efforts [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] have, therefore, been concentrated in measurements of product yields at small EQ intervals. The measured yields, Y{E^ in units of fib per equivalent quanta, as a function of Eo have been subjected to unfolding into cross sections per photon of energy k, aik), after the method of Tesch [13] with the aid of the LOUHI-82 code [14] . It was found that this method could reveal new gross features of photonuclear reactions. Radiochemical technique in par-
Experimental
One disk of K2CO3 and two disks of RbCl, KI, CsCl, or LaClj, each about 640 mg/cm^ in thickness and 1 cm in diameter, were placed in separate quartz tubes together with AI or Au beam monitor foils (1 cm <f)) with thickness of 17 and 97 mg/cm^, respectively, on top of the first disk and on the bottom of the second disk. Irradiations were performed in a water-cooled target holder for 5-10 min with an uncollimated bremsstrahlung beam of maximum end-point energies (£0) of 50-250 MeV from the 300 MeV electron linac of the Laboratory of Nuclear Science (LNS) of Tohoku University [5] , Irradiations were carried out with an electron beam being passed through an energy-compressing system [18] ; the electron energy spread was limited to ±1% at füll width at half maximum (FWHM). A 0.5 mm thick Pt foil was used as a radiator for bremsstrahlung production. with a Wilson-type thick Chamber counter at INS, but in the yield calculation the photon-intensity was obtained from the monitor reactions, "AI (y, 2pn)^Na [19] for Eo SlOO MeV and >»'Au(y, n)^'«Au [20, 21] for Eo ^100 MeV.
Produced Xe or Kr isotopes were extracted from one of the irradiated disks and collected on charcoal in a Pyrex-glass vacuum system as shown in Fig. 1 . Prior to the end of Irradiation, the cold fmger (CF) containing 2 g of activated charcoal was gently heated until the section of V4-RP was evacuated down to 1 Pa, and then cooled with liquid nitrogen (LN2). After Irradiation, the target disk was immediately placed in a taper-jointed quartz tube (ST) which was then evacuated through V5 and VI (V2 was also opened for measuring a pressure by Geissler's tobe, G). Kr or Xe was extracted from the target disk melted by heating with a gas-oxygen bumer under static condition (V5, V3 closed and V4 opened), and adsorbed on the cooled charcoal by digesting for 10-15 min via the cold trap (T2) for removing volatiles other than rare gases. The charcoal was then quickly transferred to an acrylic Container of 25 mm i. d. and 35 mm o. d. with a screwdriven cap with a Silicon rubber O-ring for gamma-ray measurement. The gas collection yield was determined by comparison with the photopeak counts for relevant nuclides measured in an untreated disk from the same Irradiation; 151.2 keV y-ray of ^'•"Kr for Kr from Rb, 202.9 keV of for Xe from I, and 163.9 keV of "^•"Xe or 196.6 keV of '^'""Xe for Xe from Cs and La, all of which were not affected by precursor decays. The gamma-ray measurements were performed with high-purity Ge detectors of 1.6-1.7 keV resolution at 1332 keV, each coupled with a 4 K pulse-height analyzer The characteristic photopeaks were analyzed with an automatic peak search program by Komura [22] . The peak assignment was based on their y-ray energy and half-life. The detector efficiency was determined with calibrated ^'^Eu and sources of the same size as the sample. Relevant nuclear data [23] are tabulated in Table 1 .
Activity of ''^Ar in the irradiated K2CO3 target was measured nondestructively.
The decay measurements over 3 months indicated that the half-lives of the photopeak decreases were consistent with the reported ones for the assigned nuclides, and losses of rare gases from both the Containers and the untreated targets were negligible.
Results and discussion
The photopion and photospallation yields are tabulated in Tables AI-A4 and A5-A6, analyses. Gas collection yields were 70-100% for both Kr and Xe, and the uncertainties in the collection yields are taken account in determining the final errors. In Table AI , the results of PICA calculation for photopion reactions on relevant targets at EQ = 150, 200, 250, 300, and 400 MeV are tabulated. The details of the calculation are described in the original papers [15, 16] and also in Refs. [3, 4, and 10],
Photopion yields
The yield measurements in photopion reactions have been of special interest with regard to behavior of pions and nucleons produced by A decay in the target nucleus. Photopion emissions from the nucleus are expected to be dependent on the locations of the initial interactions inside the target nucleus, and hence on the size of the nucleus and/or its transparency for pions and the energies imparted to the associated particles. Thus attention has been directed to target mass-and energy-dependences of the yields of (y, n^), (y, n~) , and (y, 7i~xa) reactions. The (y, TI'^XD) reactions for x^ 1 cannot be distinguished from the (y, par'n) reactions for jt' g 0 in the radiochemical method, and these reactions are classified as photospallation in this paper (e. g., and "'La(y, 3pxn)"®-'Xe in section 3.2 below). Historical survey of the activation method applied to photopion reaction study indicated that the investigated targets and products in the past were limited both experimentally and theoretically. In our previous work [3, 4] it was fbund that some of the old data were not consistent with the re-determined ones.
In the radiochemical method, the secondary particle-induced reactions, (p, x'n) and (n, p), produce the same radionuclides as the primary reactions, (y, n~xn) and (y, n*), respectively. Correction for the yields from the secondary reactions was performed on the basis of the excitation functions for these secondary reactions calculated with the ALICE code [24, 25] , the reported photoproton [26] [27] [28] , and photoneutron spectra [29, 30] . The details of the method as well as the Parameter evaluation for the calculation were described in Refs. [3, 4] , and references therein. The estimated secondary reaction yields were subtracted from the observed ones by normalizing the yields experimentally obtained below the photopion threshold, as shown in the following figures.
Yield curves for (y, n^) reactions
"^KCy, TT-')'''Ar In Fig. 2 , the observed yields as a function of Eo (yield curve) for "'KCy, 7f^)'"Ar are shown by open circles together with the results (closed circle) of Blomqvist et al. [31] . A solid curve is drawn for the net yields obtained by subtracting the secondary contributions (broken curve) from the smoothed observed values. The photopion threshold is indicated by an arrow (ß). The secondary reaction contributions to the observed yields are about 40% at Eo S 400 MeV, with uncertainty of the contribution of about ±25%. This uncertainty is due to ambiguity in the yields below the threshold, and is not included in the net yields because the reproducibility of the observed values at £o = ß is 20-30%. Repeated measurements are obviously required to obtain more precise results over the whole ränge of Eo of interest. However, it is worth noting that the magnitudes of the observed yields of "^KCy, 7r^)'"Ar and hence the secondary contributions are quite the same as the previously reported ones [3] for measured more extensively by the same technique. Also the yields reported by Blomqvist et al. [31] agree with the present net result witWn the uncertainties, though they tend to be sUghtly smaller at Eo = 400-700 MeV.
The values calculated by the PICA code are shown by closed triangles in Fig. 2 . In the calculation, the incident particle histories of 2 X 10®-4 X10® were followed with the same parameter values as those given by the original authors, except for some alternative sets of cutoff energies for emitted particles. The cutoff energies used in the present calculation were one-half of the Coulomb barrier for charged particles, and 1 MeV for neutron and if. All calculated values tend to be larger than our results. This point will be discussed below.
In Fig. 3 , the observed yields for ''RbCy, are shown. The feature of the yield curve is similar to that of "'KCy, but the measurements are more extensive. The scattering of the data points except at £o = 130-162 MeV is much smaller than that of "^Ar data. The evaluated secondary contribution from ®'Rb(n, p)'''Kr to the observed values is about 10% at EQ >400 MeV, which is quite small in comparing with those of about 40-50% fi-om p) and "V(n, p) [3] reactions, but dose to those of 10-15% from "'Cs(n, p) (see below) and >"Ta(n, p) [32, 33] reactions. The values calculated by the PICA code with the same method as for "^' KCy, reaction are also shown by closed triangles. The calculated value at Eo = 200 MeV is larger by an order of magnitude than the net measured yield, and the differences become smaller with an increase of Eo, i.e. by a factor of two at Eo = 400 MeV.
In Fig. 4 , the yield values for "^CsCy, n^y^^^^Xt are shown. Our previous data [4] obtained by counting Xe sample collected on charcoal in a U-shaped shielded glass ampoule were associated with large errors and scattered due to difFiculty in y-ray measurement for "sn-Xe and "'«Xe, yields of which are lower by two Orders of magnitude or more than those of other Xe isotopes, especially of 36.4d '^"'Xe (see Table A5 ) produced from (y, pjai) and/or (y, Tr^jr'n) reactions. However, an appropriate adjustment of counting time and geometry could reduce the errors in the present measurements. It was found that all results were consistent, while the number and precision of the measured yield data, especially below the Q values, are still not sufficient to estimate the secondary reaction yields accurately. The secondary yield curve for was obtained by assunüng that the shape of excitation function for "^Cs(n, is the same as that for '"Cs(n, calculated by the ALICE Code, and the secondary contribution at the plateau region was estimated to be 10% of the measured yield.
The yield values for 5.25d "'«Xe obtained on the basis of 81.0 keV y-ray are regarded to include the contribution from the decay through 2.19d "'""Xe. Correction for this contribution by analysis of the growth-decay curve was difficult due to the lack of decay measurements in the first several days after Irradiation as other short-hved spallogenic Xe isotopes dominate. However, the difference between the apparent yields of "'«Xe and those of "'"Xe was not significant, especially at lower EQ. The correction using the measured values of "'"Xe yield indicated that the "'®Xe yields obtained in this work are mostly due to the decay of "'"Xe. A rough estimate showed the initial yields of "'®Xe at the plateau region of £'o>600MeV to be less than 10% of the observed "'«Xe, which means that the excited states populated after n^ emission deexcite to the 3/2+ State of "'«Xe mostly via the 11/2-State of "'"Xe. For this reason, the yield values of "'«Xe are associated with large uncertainties and are not included in Table A3 . The PICA calculation for "'Cs(y, ;r-^)"'Xe reaction gives 23-60 nb/eq.q. at Eo = 200-400 MeV (closed triangles in Fig. 4 and Table A7), which are higher than the measured yields of "'"Xe and/or "'«Xe, as in the case of {y, yields from other targets.
Summary of characteristic features of (y, tt^) yields
All the secondary-corrected yield curves for (y, n^) reactions are shown to rise steeply after the threshold and to attain a sUghtly increasing plateau at E^ = 350-400 MeV, indicating that photons responsible for the reactions are mostly of energies lower than 400 MeV, but higher Üian 140 MeV (pion threshold) as reported for ''V(y, [3] . At E« = 300 MeV, the yield values are 12 ± 8 |ib/eq.q. for 13 ± 3 nb/eq.q. for ='V(y, 8 ± 3 ^b/eq.q. for ®"Rb(y, and 8 ± 5 ^b/eq.q. for "'Cs(y, 7t^)"'"Xe. The values at the plateau region of E^ = 400-1000 MeV are 15-20 (±30%) |j,b/eq.q. for '''Ar, 15-17 (±15%) ^b/eq.q. for ''Ti, 14-20 (±20%) nb/ eq.q. for '"Kr, and 12-18 (±30%) nb/eq.q. for "'"Xe. For "'Cs (y, 7r'^)"'«Xe, most of the observed yields were found to be due to the decay of "'"Xe. Our preliminary work indicated that the yields for ^^Al(y, [32, 33] , "''Ba(y, ;r")"®Cs [34] , "»La(y, 7r+)"'Ba [32] , and '''Ta(y, [32, 33] (Table A7 ). The average yields calculated from PICA on the same targets as described above are 30.7 ± 3.7 and 21.3 ± 2.3 ^b/eq.q. at Eo = 400 and 250 MeV, respectively. In the previous studies [3, 4] it was found that the peak energy of the calculated excitation function, cr(fc), of ''V(y, was required to add 60 MeV to fit the measured one. However, this kind of adjustment in k or Eo cannot account for the high yields by PICA.
Yield curves for (y, n xn) reactions
In at £o = 800 IVIeV were estimated to be 7%, 12%, 7%, 24%, and 7% for '^'Xe, '^'Xe, ^^^Xe, '^^Xe, and respectively. The net "measured" yields (solid curve) show Eo-variations similar to those of (y, n'^) reactions, also indicating that the productions of these isotopes are due to resonance at photon energies around 300 MeV. But it is notable that the yield values of (y, n~m) reactions for j: = 0-6 at the plateau regions are around 100 jxb/eq.q., in contrast to the (y, tc"^) values of 10-20 nb/eq.q. A regulär Variation of the yield values with respect to an increase in the number of the emitted neutrons (j:) is also apparent, as observed in those of "'Cs (y, n~xn) for x up to 9. This point (mass yield Variation) will be discussed below.
The calculated values from RICA are also shown by closed triangles in Fig. 5 . The calculation for the It") reaction appears to reproduce the shape of the measured yield curve and the values within the scattering of the data points, as far as can be seen with the results shown in Fig. 5a . The calculated values for the (y, n-2n), {y, n-An), (y, 7r-5n), and {y, 7t-6n) reactions shown by closed triangles in Figs. 5 b-e are systematically larger, by factors of 1.5-4.0, than the measured yields (solid curve) at EQ = 200-400 MeV.
Mass yield curves of (y, n ra) reactions Fig. 6 shows tlie mass yield curves for where the net yields are plotted as a function of the number of the emitted neutrons (j:) at Eo = 250 (circles), 400 (squares), and 800 (triangles) MeV, together with the corresponding ones from ^'V [3] and '"Cs [4] targets for comparison. The attached errors are the ränge of scattering in the yields. The curves are drawn to guide the eye. As in the case of "^Cs (dotted curves), the resuhs (solid curves) at Eg = 400 and 800 MeV are very dose to each other, though slight deviations appear atx ^4. It is found that the '^^""'Xe yields from are also dose to the '""^Ba yields from "^Cs at the respective of ^ 1 at the same Eo, but quite different from those of ^'"^Cr from ^'V. The product yields of ^'Viy, Tr'xn) reactions decrease rapidly with increase of x from 0 to 3, but the corresponding yields from '"Cs and increase to the highest yields atx = 2-3 (-300 jib/eq.q. at Eo = 400 and 800 MeV) and decrease to almost the same yields at a: = 0 with an increase of x to 6 (in the cases of Eo = 400 and 800 MeV). For an example, the (y, 7r"3n) yields of "^Cs and are about two Orders of magnitude higher than the corresponding ones of ^'V. This mass-dependent feature of (y, n~xn) reactions suggests that the photon energies transferred into the targets are >4,-dependent, but it appears that the photopion production cross sections from these reactions do not follow the behavior of the expression by Arends et al. [2] ; the {y, n~xn) yields for a: S:1 are not proportional to In contrast to the A,-dependence of the (y, n xa) yields for x the yield values for the (y, n~) reactions on the and ^^V targets are almost equal (96 ± 30 vs. 93 ± 3 nb/eq.q. at Eo = 400-1000 MeV and 30 ± 7 vs. 65 ± 20 ^b/eq.q. at 250 MeV). For "^Cs target, the yield values from this type of reaction were available only for the isomer '^^""Ba (-60 nb/ eq.q. at Eo = 400-1000 MeV and -40 ^b/eq.q. at Eo = 250 MeV), but not for the lO.Vy ground State isomer '"«Ba [4] , However, the production ratio of i33gBg/i33n,ßg expected not to be higher than 2, as estimated from the systematic Variation of cross sections for ' 3im.i29mBa and for '^^«Ba from (y, n~xa) reactions (Fig. 3 in Ref. [4] ). This means that the ®Ba yields are also dose to the and '^Cr yields from tt") and '^(y, tt") reactions, respectively. The yield values of "'Ce from the "'La(y, reaction obtained by Sarkar [32] are 85 ± 20 and 49 ± 10 ^b/eq.q. at Eo = 400-1000 MeV and 250 MeV, respectively. It is thus concluded that the (y, n~) yields from A, = 51 and A, = 127-139 are the same in magnitude, and the average values Over the three targets and "'La) are 92 ± 13, 80 ± 13, and 50 ± 8 jib/eq.q. at Eo = 800, 400, and 250 MeV. Combined with the conclusion of the A,-independence of (y, n^) yields deduced in subsection 3.1.1, the yield ratio of (y, n~) to (y, n^) is evaluated to be 5-6 at Eo ^ 250 MeV over the studied region of A, The PICA calculation results in the A,-independence of the (y, n^) and (y, n~) yields, too, but the yield ratios are 1.8 ± 0.4 and 2.2 ± 0.4 at Eo = 400 and 250 MeV, respectively. The yield ratios from PICA are rather dose to the N/Z of the targets, as expected from the initial elementary processes of 7 p -> vm^ and y n ^ pTt". While the PICA calculation for the ""'Ky, tt") yield of 42 ± 12 nb/eq.q. at = 250 MeV is consistent with the weighted mean of 35.3 ± 6.8 nb/ eq.q. from the four measured yields (Table A4) , these numbers appear slightly smaller than 50 ± 8 nb/eq.q. from the averaged of the three targets, as noted above. The corresponding average of the calculated values is 41 ±1 |xb/eq.q. At Eo = 400 MeV, the measured value for '^^Xe is 134 ± 28 ^ib/eq.q., but the smoothed yield curve (Fig. 5 a) suggests a value of 80 ± 30 |ib/eq.q., which is the same as the averaged value of 80 ± 13 |j.b/eq.q. from the three targets. The corresponding average of PICA is 56 ± 8 ^b/eq.q. It is, therefore, concluded that the PICA calculation tends to underestimate the (7, n~) yield by about 30%. This underestimate for the (7, n~) yields together with the overestimate for the (7, tt"^) ones (subsection 3.1.1) caused the low yield ratio of Yiy, n-)IY{y, n^) ~2 in PICA.
The high values of the observed yield ratio may have a new implication for the nuclear structure that is not included in the theoretical ground of the PICA code. The code approximates the continuous Charge density distribution inside the nucleus obtained by electron-scattering data [36] to the three concentric spheres of 0.9, 0.2, and O.Ol, where the neutron to proton density ratios are all equal to the ratio of neutrons and protons for the entire nucleus. Cross sections for the photoabsorption by a nucleon at (3, 3) resonance region were taken from those of the elementary processes for free nucleon-photon interactions, and the intranuclear cascade calculation of Bertini [37] was included to account for the mean-free path of the secondary particles. Pion absorption is assumed to occur via a two-nucleon mechanism with cross section for a charged pion by a nucleon with isobaric spin projection of opposite sign (i. e., a pair of nucleons must contain at least one proton to absorb a negative pion and at least one neutron to absorb a positive pion). Thus the higher yields of (7, 7t ) reactions and lower yields of (7, tt^) reactions, as found in the present series of studies, than those expected from the PICA calculation would possibly be understood if the neutron density in the sphere(s) closer to the nuclear surface is higher than the one assumed in the calculation. The initial production of negative pion through 7n 7: p would dominate over those of positive pion through TP n^n, and the secondary absorption of negative pion through n~ + pp or n~ + pn would be less than those of positive pion through tt^ + np or n^ + nn. These processes leading to (7, n~) and (7, tt"^) reactions are considered to occur in the surface part of the nucleus, but not proportional to Af'. On the other hand, the entire volume of the nucleus seems to be involved in the processes leading to the A,-dependent (7, n~xn) reactions in a way not proportional to A, or S", as mentioned above. However, a quantitative theor- Ref. [4] ). The zig-zag feature is more evident at lower Eo, and also notable for and "^Cs, as pointed out previously [4] . Different sets of cutoff energies for charged particles and neutrons do not change the feature. By neglecting these evenodd variations in the calculated values, it may be concluded that the PICA calculation reproduces the mass yield shapes fairly well, but the yield values are systematically larger by factors of 1.5-4.0 than the measured ones at both Eo = 400 and 250 MeV, as noted in the yield curves above, in contrast to the case of the (7, 7t") yield. It may be recalled again that the energy shift of 30 MeV is required to fit the peak energies of the calculated excitation functions, <7{k), to those of the observed ones for (7, 7t";cn) reactions on and "^Cs, but the discrepancy in the magnitudes of cr(fc) and/or Y(Eo) cannot be explained by the energy shift.
Photospallation yields
While both hadron-and bremsstrahlung-induced spallations at intermediate energies have been studied for more than three decades to obtain insight into the reaction mechanism, recent renewed interest in the incineration of long-Uved radioactive-wastes from atomic power plants and in many other applications have found that more systematized measurements of spallation yields are required for grounding the theoretical and/or empirical predictions. In the previous papers [5] [6] [7] [8] , we presented an example of this kind of effort; that is, the yield measurements of bremsstrahlung-induced spallations of ''W, ='Co, «'Rh, 84.86.87. 88SJ^ 89Y, i27j^ ,39La, gnd ''^Au wcre reported for the same energy ränge as in the present work. Rudstam's empirical formula [17] and the PICA calculation were examined based on these data [9, 10] , The empirical formula was found to be applicable to bremsstrahlung-induced spallations over a wide ränge of combinations of targets and products, when the parameter values involved in the formula were suitably modified, and showed a reproducibility much better than the PICA prediction, though the gross features of the experimental results were also shown to be reproduced by the code. In addition, some physical implications of the derived parameters in the formula and the limitation of the reproducibility by the code were extracted in these works. However, some preliminary yield data [8] on spallogenic Xe isotopes from "^Cs were available in the examination of the empirical formula [9] . For a comparative study with the calculation [10] , only those data from "^Cs and '''La spallations measured at = 400 MeV were presented in a graphic form by quoting the present study. It would be worthwhile of presenting new additional data and using them for fiirther examinations of two lines of predictions for photospallation yields.
In Tables A5 and A6 in the Appendix, the yield values obtained in this work are presented together with the previous ones and identified as either independent(I) or cumulative(C). The numbers of yield measurements of "'Xe from y, pjtn) reactions over the ßo-range of 50-1000 MeV have increased to 28-37 (including multiple ones at the same EQ) from 10-16 of the previously reported ones. Included also in Table A5 are those values associated with large errors due to uncertainties of the gas collection yields, which were sometimes caused by difficulty in the "'""Xe and/or '^""Xe measurements on the chemically untreated targets dominated by 6.47d '^^Cs from n) reaction but were included in the final errors for a conservative consideration. The increased number of measurements allows a statistically improved conclusion for the ^o-variation of the yields, which are well consistent in systematic changes of shape and magnitude with those of the remaining spallogenic products of '^'Cs reported previously [5, 8] . For "'LaCy, 3p;m)"®-^Xe, the yield measurements are not extensive compared with those of pjcn)''^ 'Xe, and unambiguous Eo-variations over 250-1000 MeV of the 6 product nuclides, '^""Xe (;c = 7), '"Xe (x = 9), "'Xe (x = 11), '"'Xe (x = 13), '^^Xe (x = 14), and '^'Xe (x = 15), were obtained. For photospallation, the secondary contributions were not observable, indicating that the secondary particles are not energetic enough to induce those reactions. The new data for Xe yields from both '^'Cs and '^'La at several selected Eo's were included to analyze Rudstam's five-parameter CDMD formula, which was modified to include the corrections of isobaric precursor-decays using iterative non-linear least squares fits, as reported in the previous paper [9] . The results of corrections for the precursor-decays to the cumulative yields are presented in italics in Tables A5 and A6 , and the isotopic distributions for "'Cs and '^'La spallations at Eo = 800 MeV are exemplified in Fig. 8 . The symbols are the observed values corrected for the precursor decays and labeled with the same symbol for the product isotopes of the same Z. The solid curves are the empirical results from the non-linear least squares fit to the observed values. The present results were found to corroborate the previous conclusions on the Parameter values and on the implications on spallation mechanisms.
The dashed curves in Fig. 8 are the results from the PICA calculation at Eo = 800 MeV. The PICA code can be applied only to the photon energy ränge of 40-350 or 400 MeV responsible for Levinger's quasideuteron mechanism and Single pion-photoproduction and to the target nuclei of A, > 12. The code is provided with cross sections for photon energies with vanishing values up to 660 MeV after the resonance peak at about 300 MeV. A detailed cpmparison of the calculation with the values observed in the previous work [10] was, therefore, limited to those at EQ = 400 MeV, and good agreement in features of isotopic distribution and magnitude was shown for lighter targets such as '^V, '»Co, and but not for heavier "^Cs, "'La, and "^Au. The PICA results for "'La, for example at EQ = 400 MeV, were asymmetric in isotopic distributions for (y, 0-4 or 5 pjcn) reactions and rather closer in magnitude to those observed at Eg ^ 700 MeV. The calculation at Eo > 400 MeV was thence tried here to test the apparent reproducibility of the observed results at those EQ'S, though it appears to have less physical meaning. It is found that good agreement is obtainable at Eg = 800 MeV for "^Cs target, as exemplified in Fig. 8 , provided that the PICA results are shifted lower in nucleon muWplicity (x + y) by 1-2 Units. For "'La, the locations of the isotopic distributions are reproducible, but the magnitudes of the calculated values at peak regions are slightly higher (by a factor of up to 2) than the Observation at high proton multiplicity (larger y) in such a manner as to yield smaller slope of the mass yield curve. Because of the asymmetric nature of the isotopic distributions of (y, 0-2 p;cn) reaction on both targets, large deviations at the neutron-rich isotopes (x = 0-5) are unavoidable. The calculation was also performed at EQ = 600 and 1000 MeV for the two targets, and the reproducibilities were found to be similar to those at Eo = 800 MeV. The same trial on ='Co and "'Y indicated that the feature of the reproduction for is as good as for "^Cs, but a slight underestimate resulted in larger y for ''Co in such a manner as to yield larger slope of the mass yield curve. In our previous work [9, 10] , the Parameters Ä and P of Rudstam's 5-parameter formula were deduced from both the empirical results and the PICA results. The parameters CT and P are the total inelastic cross section and the slope of the mass yield curve that determine the magnitude and shape of the mass distribution, respectively, and depend on both Irradiation energy and target mass A,: the remaining 3 Parameters, R, S, and T, which defme the Charge distribution, are independent of EQ.
The PICA results on P were consistent with the empirical ones for '^V, "Co, and "Y, but smaller for i27j_i97^y However, the Eo-variation of P seemed likely to agree with the empirical (observed) ones at higher EQ when extrapolated (see Fig. 5 in Ref. [10] ). On the other hand, the PICA &'s were more discrepant from the empirical ones at lower A, and at higher E" (Fig. 3 in Ref. [10] ). This means that the P value substantially affects the shape of the mass distribution, and results in better agreement with the observed values for the heavier targets such as "^Cs and "'La at Eo = 600-1000 MeV than at ^ 400 MeV, as found in this work, while the deviations of the PICA results at "Co and ®'Y are slightly enhanced. The present results suggest that the PICA code can be used for an approximate estimation of the photospallation yields even at Eo = 400-1000 MeV, but a better prediction is available from the empirical findings in the previous work [9] . Also implied is that the PICA analysis is very promising for studying further photonuclear reaction mechanism at these energies, when the code is modified accordingly. * The observed yields are the weighted means of n determinations and the numbers in parentheses are experimental errors to the last digit(s); for example, 17.9 ± 1.5 is expressed as 17.9 (15). The numbers in parentheses are Statistical errors to the last digit(s); for example, 10.7 ± 3.8 is expressed as 10.7 (38).
